As we move into the 2 1'~century, several market forces will play key roles in the success of future telecommunication-based services. Such factors include: c The merging of the computer and telephony industries is moving ahead at an ever-increasing pace w Barriers-to-entry are dropping for new companies who want to enter tradition telephony businesses q
q People are not asking for 'technology', they are asking for a simpler and easier lifestyle Given these factors, what will differentiate 21 'Lcentury telecommunications services from each other are innovative, compelling 2 ls[ century user interfaces that create a "media center", unifying emerging desktop services with traditional telephony services. Such user interfaces will lead to smarter services. As networks automatically learn their customers' needs and wants, and customers invest their time to learn how to use these intelligent user interfaces, a bond will be formed. Over the next decade robust speech recognition, spoken language understanding, and text-to-speech synthesis technologies will play a vital role in achieving the simple-to-use intuitive user experiences that people want.
The prospect of having these 'intelligent' goal-directed machines that humans can converse with as fluently as they do with each other has long been our ultimate goal. However, future success will depend on a critical and realistic examination of the current state of speech technologies and their relationship to the class of services that is likely to drive the emerging computer-telephony integration application space. Figure 1 shows key technology areas that must drive research directions for the foreseeable future if ubiquitous availability of intelligent speech-enabled services is to become a reality.
r~'"1 Figure 1 .
Intelligent Agen& -At the turn of the century a user would pickup a telephone and speak to a human agent, who we call Mabel. Mabel was friendly, heipful, understood what the customer wanted, and could provide a high level of intelligent individualized service -the ultimate "intelligent agent". With the advent of DialTone and Touch-tone detection, this leveI of intelligent personalized service has all but disappeared. Focus needs to be placed on developing the underlying technologies, which will allow for an evolution back to more personalization and ease-of-use of services with the goal of creating the next generation of DialTone. Obviously, speech technologies are critical to this vision of going 'Back to the Future".
.
SpeecMSpeaker
Recognition -First and foremost is the availability of a robust core speech and speaker recognition engine. The communication network is constantly changing -from analog to digital circuitry, from non-linear carbon button-type microphones to linear electret microphones, from wired to wireless communications, and from using telephone handsets to using speaker phones and microphones connected to desktop PCs, workstations and PDAs. In addition, the diversity of the population using the network is increasing, including, for example, children and people speaking in many languages. Finally, the acoustic environment in which a customer will use services based on speech technologies can vary greatly, from a quiet home or office to the noisy environments encountered at an airport or in a moving car. Each of these factors introduces variability that tends to have a negative affect on basic recognition performance, Current algorithms are not robust enough to this variability. Researchers must explore new techniques to greatly increase the reliability of speech recognition performance under such diverse, realistic conditions. .
Spoken Language Undershnding -For speech technologies to be useful to customers, the system must not only recognize the words that the user speaks, but also must understand the meaning or intent of the talker. In fact, in many tasks it less important to recognize and understand the words spoken by a user, but much more important to understand the intent of user. For example, when a customer dials 0, gets an operator, who asks "How may I help you?", and then says "I was just talking to my daughter and was disconnected", being able to automatically determine that the caller actually wants a billing credit is the critical task, not the precise recognition of the individual words. Research in topic classification has been going on for many years, within both the speech and natural language communities. While performance has improved dramatically over the past few years, there is still a long way to go. 
Conversational
Interactions -These are the technologies that are, in some sense, responsible for maintaining the flow of conversation between the machine and the user with the main purpose of assuring that the user successfully completes their task in the easiest possible fashion, Areas of research include spoken dialog modeling, the use of dialog histories, detection of user confusion, robust error handling, the ability clarify ambiguous input, the ability to automatically tailor dialog prompting strategies for novice versus experienced users and the ability to formally evaluate dialogs with real users to measure the system's effectiveness. There is a symbiotic relationship between dialog control and speech recognition performance. For example, depending on whether a speech recognize responds slowly or quickly and whether its performance is accurate 'enough' or not, the choice of dialog strategy must be such that it can lead user through the task in order to accomplish the user's goal.
In addition, the availability of 'customer quality' text-to-speech synthesis (TTS) is essential for providing a 'unified voice' for services, Users are not satisfied with the naturalness of current state-ofthe-art systems. However, much exciting research is being carried out worldwide on a next generation of~S and major breakthroughs in this key technology will occur within the next few years.
Finally, with the evolution toward telephony-desktop integration at the service or application level, it will be essential to assure a common look and feel or consistency across the user experiences for similar services that users may access by multiple means. Speech technologies are not always the optimal or appropriate user interface modality for every application. If, on the other hand, speech technologies are available for the same application accessed both from the desktop and over the telephone, then care needs to be taken on the best way to utilize speech. Clearly user interface technologies that support multi-modal access provide a very rich research domain that needs to be explored further.
In the future, as these technologies are perfected and instantiated at low cost within a common open architecture, we will begin to see a broad realization of our vision to create innovative ease-to-use speechenabled services within the emerging computer telephony industry.
